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[Title of the Invention] 

Combustion Heater 

10 [What Is Claimed Is] 

1. A combustion heater having an inner tube arranged approximately 
coaxially inside an upstream side end portion of a main combustion casing, 
supplied with fuel and oxidizer, characterized in that 

said inner tube is formed in a conical shape increasing in its cross- 

15 sectional area toward a downstream of said main combustion casing, and a 
secondary air outlet with prescribed gap size between a downstream end of 
said inner tube and an inner peripheral surface of said main combustion casing 
is formed; and 

a plurality of secondary air supply nozzles are provided, each opened 
2 0 inside a space between an outer peripheral surface of said inner tube and the 
inner peripheral surface of said main combustion casing, from the upstream 
end of said main combustion casing, and the secondary air jetted from said 
plurality of secondary air nozzles impinges on the outer peripheral surface of 
said inner tube. 

2 5 2. A combustion heater having an inner tube arranged approximately 
coaxially inside an upstream side end portion of a main combustion casing, 
supplied with fuel and oxidizer, characterized in that 

a portion, of said main combustion casing, facing an outer peripheral 



2 

surface of said inner tube is formed in a conical shape increasing in its cross- 
sectional x area toward a downstream, and a secondary air outlet with 
prescribed gap size between a downstream end of said inner tube and an 
inner peripheral surface of said main combustion casing is formed; and 
5 a plurality of secondary air supply nozzles are provided, each opened 

inside a space between an outer peripheral surface of said inner tube and the 
inner peripheral surface of said main combustion casing, from the upstream 
end of said main combustion casing, and the secondary air jetted from said 
plurality of secondary air nozzles impinges on the outer peripheral surface of 
10 said inner tube. 

3. A combustion heater according to claim 1 or 2, wherein the flow speed 
of air jetted from the dilution air outlet is made to be 0.8 or more times of the 
flow speed of combustion gas. 

4. A combustion heater according to claim 1 or 2, wherein said secondary 
15 air nozzles each are provided with 2 or more air jet holes opened in different 

directions from each other. 

[Detailed Explanation of the Invention] 
[0001] 

2 o [Field of Industrial Application] 

This invention relates to a heating combustor and, more particularly, to 
a combustion heater which is suitable in the case that needs a combustion gas 
(for example, 1400°C, 60ata) of high temperature high pressure as in air 
suction type engine testing apparatuses. 
25 [0002] 

[Description of Prior Arts] 

In recent years, attention is given to air-suction engines such as ram 
engine as engines for supersonic transportation, however, development of 
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such engines requires hot wind tunnel experiment equipment. And a 
combustion heater composes an essential part of the hot wind tunnel 
experiment equipment, therefore, there is needed the combustion heater that 
is able to stably supply a combustion gas of high temperature high pressure in 
5 order to improve the precision of the experiment. 
[0003] 

In such a combustion heater, it is necessary to burn while keeping a 
mixing ratio of fuel and oxidizer (air, pure oxygen, etc.) in a state that stable 
combustion is easy in a combustion zone, consequently the circumference of 
10 the combustion zone is exposed to an extraordinary high temperature that 
reaches to even 1700°C. Therefore, it is necessary to protect a member or 
members partitioning the combustion zone from the high temperature. 
[0004] 

For this reason, generally, there is used a method wherein an inner 
15 tube is provided inside the combustion chamber, by the inner tube an oxidizer 
for dilution (it also is called secondary air or air for mixing) mixing secondarily 
with combustion gas is flowed in an outside of the combustion zone, and the 
member partitioning the combustion zone is cooled by this air. 
[0005] 

20 On the other hand, if an example of conventional technique relating to 

such a combustion heater is given, as shown in Fig. 7, there is a combustor for 
gas turbine, provided with a liner 11 inside a combustion chamber 10. Even in 
such a combustor for gas turbine, it is necessary to perform continuous 
running of long time, so that it is necessary to protect the whole of the 

2 5 combustion chamber 10 from combustion gas of high temperature. Therefore, 
this conventional technique takes such a structure that the liner 11 of length 
nearly equal to the entire length of the combustion chamber is provided, and 
air for mixing flowing in the outside of the liner 11 is introduced into the 
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combustion heater from air passages formed in the liner 11, as shown by 

arrows. 

[0006] 

By the way, in an air-suction type engine testing apparatus, as 
5 described above, in order to make the temperature of a high temperature gas 
generated there into a very high temperature such as 1400°C, for instance, the 
amount of air for dilution to be mixed with combustion gas should be made 
small even when the combustion heater as described above is used. As a 
result, a thermal load on the inner tube becomes more severe, so that it is 
10 necessary to generate a combustion gas of high temperature high pressure 
uniform in total temperature after conducting effective cooling and reducing the 
thermal load. Further, at this time, it also is necessary to prevent burning due 
to adhesion of flame stabilized at air passage outlets onto the inner tube. 
[0007] 

15 [Problem to be Solved by The invention] 

The above-described conventional technique is focused on cooling of 
the combustion chamber liner, and the stability of combustion and the 
uniformity of the total temperature are not considered, so that there is left a 
problem that the performance required for a combustion apparatus of the air- 

2 0 suction type engine testing apparatus is not satisfied. 
[0008] 

An object of the present invention is to provide a combustion heater 
which is able to steadily generate a high temperature high pressure gas of 
uniform total temperature, sufficiently reduce thermal load of an inner tube by 
25 dilution air and sufficiently prevent burning due to adhesion of stabilized flame, 
as a combustion heater of air-suction type engine testing apparatus. 
[0009] 

[Means for Solving the Problems] 
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The above object is attained, in a combustion heater having an inner 
tube for partitioning a combustion zone and an air passage for mixing, by 
forming a secondary air outlet between an inner peripheral surface of a main 
combustion chamber and an outer peripheral surface of an inner tube at a 
5 downstream end by making the inner tube in a conical shape increasing in its 
cross-sectional area toward a downstream of the main combustion casing or 
making a cross-sectional area of an outside portion of the inner tube of the 
main combustion casing into a conical shape decreasing toward a downstream 
side, and arranging a plurality of secondary air supply nozzles each having a 

10 plurality of air jet holes on dilution air intake portions of an outer peripheral side 
of the inner tube so that dilution air is jetted uniformly all over the outer 
peripheral surface of the inner tube. More preferably, the object is attained by 
making the flow speed of air jetted from the dilution air outlet to be 0.8 or more 
times of the flow speed of combustion gas, in addition to the above. 

15 [0010] 

[Operation] j 

Since the conical inner tube spreading toward the downstream side of 
combustion gas is used and the plurality of secondary air supply nozzles each 
having air jet holes are arranged at the upstream-side outer periphery of the 

2 0 inner tube, air for mixing is directly blown uniformly onto the outside of the 
inner tube and the inner tube is effectively and uniformly cooled. 
[0011] 

[Embodiments] 

Hereunder, a combustion heater according to the present invention will 
25 be explained in detail by using an embodiment shown in figures. Figs.1 to 3 
show an embodiment of the present invention. In Figs. 1 to 3, first of all, a 
number 1 denotes a main outer casing (main combustion casing) forming a 
combustion chamber, an oxidizer intake member 8 forming a oxidizer supply 
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chamber 2 is mounted at an upstream side (at an upstream side with respect 
to combustion gas) of the outer casing 1 , and an inner tube 4 spreading in 
conical shape form toward a combustion gas flow direction from an upstream 
side of the outer casing 1 , that is, toward a downstream side is provided inside 
5 the outer casing 1. A plurality of oxidizer supply nozzles 2a and a plurality of 
secondary air supply nozzles 2b are provided in the oxidizer intake member 8. 
[0012] 

The upstream side of the combustion chamber formed by the outer 
casing 1 is divided into a combustion zone 5 and a secondary air passage 7 by 

10 the conical inner tube 4. The combustion zone 5 of them is communicated to 
the oxidizer supply chamber 2 via the oxidizer supply nozzles 2a, and the 
secondary air passage 7 is communicated to the oxidizer supply chamber 2 via 
the secondary air supply nozzles 2b. Further, fuel supply injectors 3 each are 
mounted in a center of the oxidizer supply nozzle 2a, and two or more 

15 secondary air jet holes 2c which are directed to different directions are formed, 
as shown in Fig. 3. 
[0013] 

On the other hand, a back end portion (downstream side) of the 
conical inner tube 4, particularly as shown clearly in Fig. 2, is formed so as to 

2 0 be close to the inner peripheral surface of the outer casing 1 with a prescribed 
gap therebetween, whereby an outlet 7a of the secondary air passage 7 is 
formed there, and the combustion zone 5 and the secondary air passage 7 are 
jointed each other downstream of the outlet 7a to form a mixing zone 6. The 
size of the gap at the outlet 7a is determined so that a flow speed of air for 

2 5 mixing injected from the outlet 7a into the combustion chamber is 0.8 or more 
times of the flow speed of the combustion gas in the mixing zone 6. 
[0014] 

Next, an operation of this embodiment will be explained. At the time of 



operation, fuel such as hydrogen (H 2 ) is supplied to the fuel supply injectors 3 
while oxidizer such as air, oxygen (0 2 ) is supplied into the oxidizer supply 
chamber 2, whereby the fuel from the injectors 3 and the oxidizer from the 
nozzles 2a are jetted and flowed into the combustion zone 5 simultaneously, 
5 and combustion begins to generate combustion gas. Further, in parallel to this, 
oxidizer such as air, oxygen is jetted and flowed into the secondary air 
passage 7 from the jet holes 2c of the air supply nozzles 2b by the oxidizer 
having been supplied to the oxidizer supply chamber 2. The flowed-in oxidizer 
flows downstream along the conical inner tube in the secondary air passage 7, 
10 flowed out from the outlet 7a into the mixing zone 6 inside the combustion 
chamber, and mixed with the combustion gas as secondary air, whereby 
dilution and temperature control of the combustion gas are performed. 
[0015] 

By the way, at this time, in order to hold a stable combustion state 
15 inside the combustion zone 5, an equivalent ratio of the fuel and the oxidizer is 
adjusted to one that they are very easy to be burnt. Since the combustion is 
carried out under this state, atmosphere inside the combustion zone 5 
becomes very high in temperature. Therefore, the inner tube 4 is exposed to 
combustion gas of very high temperature inside the combustion zone 5. 
2 0 [0016] 

However, in this embodiment, as mentioned above, the air for mixing 
flowed in from the jet holes 2c of the nozzles 2 flow at high speed on the outer 
peripheral surface of the inner tube 4, therefore, the inner tube is cooled by the 
flow of the air for mixing and at this time, the air for mixing is supplied so as to 
25 be blown uniformly in the peripheral direction of the inner tube 4 from the air 
supply nozzles 2b, so that the inner tube 4 is uniformly and effectively cooled. 
Consequently, it is possible to suppress the temperature elevation of the inner 
tube 4 to be sufficiently low. 
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[0017] 

Further, the air inside the secondary air passage is supplied to the 
inside the mixing zone 6 via the outlet 7a and, at this time, the flow speed of 
the air for mixing has been fast at the outlet 7a, the air works so as to suppress 
5 adhesion of flame at this portion, therefore, according to this embodiment, it is 
possible to surely prevent burning of the inner tube 4 due to adhesion of flame. 
[0018] 

According to an experimental result of this embodiment, as shown in 
Fig. 4, it is confirmed that stable combustion without vibrations obtains, further, 

10 as in this embodiment, by making the flow speed of the air for mixing at the 
outlet 7a of the mixing air passage to become 0.8 or more times of the flow 
speed of combustion gas, it is confirmed that deformation or change in quality 
of the inner tube 4 due to heat comes not to be recognized, of course, burning 
does not occur and a sufficient sound state is maintained. Therefore, according 

15 to this embodiment, it is possible to stably generate a high temperature high 
pressure gas of uniform total temperature and to easily provide a combustion 
heater of high reliability and high performance which is applicable for an air- 
suction type engine testing apparatus. 
[0019] 

20 Further, as shown in Fig. 5, an experiment is conducted wherein an 

area of the outlet 7a of mixing air passage is made wider by making the inner 
tube 4 into a cylindrical shape in parallel with the flow direction, whereby air 
flow speed is made slow, as a result, it is confirmed that adhesion of flame 
appears and the downstream end of the inner tube has been burnt, therefore, 

2 5 from this fact, also, the superiority of the present invention can be sufficiently 
found. 
[0020] 

Next, Fig. 6 shows another embodiment of the present invention. In the 
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embodiment explained in Figs. 1 to 4, the inner tube 4 is made in a conical 
shape increasing in its cross-sectional area along the flow direction of 
combustion gas, however, in the embodiment of Fig. 6, as shown there, the 
inner tube 4 is made in a cylindrical shape in parallel to the flow direction, on 
5 the contrary, a portion 1a of the outer casing 1, which is positioned outside of 
the inner tube 4 is made into a conical shape decreasing in cross-sectional 
area along the flow direction, whereby an outlet 7a of a prescribed size is 
formed at a downstream end portion of the secondary air passage 7. Further, 
according to this construction, the mixing air supply nozzles 2b are arranged to 
10 be inclined to the inner tube 4. 
[0021] 

Therefore, according to this embodiment, also, the inner tube 4 is 
cooled by flow of air for mixing, and at this time, the air for mixing is supplied 
so as to be uniformly blown from the air supply nozzles 2b to the peripheral 

15 direction of the inner tube 4, so that the inner tube 4 is uniformly and effectively 
cooled by operation of impinge cooling, consequently, it is possible to suppress 
sufficiently the temperature elevation of the inner tube 4 to be sufficiently low, 
and since the flow speed of the air for mixing at the outlet 7a has been fast, the 
air works so as to suppress adhesion of flame and it is possible to surely 

2 o prevent the inner tube 4 from being burnt by the adhesion of flame. 
[0022] 

Further, in this embodiment, also, by making the flow speed of the air 
for mixing at the outlet 7a to become 0.8 or more times of the flow speed of 
combustion gas, it is of-course matter that a better result can be obtained. 
2 5 [0023] 

[Effect of the Invention] 

According to the present invention, since the inner tube is cooled 
effectively and uniformly, a thermal load is reduced and it is possible to 
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sufficiently suppress the temperature elevation, and since burning of the inner 
tube due to flame-stabilization at the mixing air outlet can be surely prevented, 
it is possible to obtain easily and surely a high temperature high pressure gas 
of uniform total temperature under a stable combustion state. 
5 [Brief Explanation of the Drawings] 

Fig. 1 is a side view partially sectioned of a combustion heater of one 
embodiment of the present invention; 

Fig. 2 is a sectioned view of a part of the one embodiment of the 
present invention; 

10 Fig. 3 is a sectional view taken along a line A-A of Fig. 2 of the 

embodiment; 

Fig. 4 shows a combustion characteristic diagram of the embodiment 
of the present invention; 

Fig. 5 is a sectional view of a part of an example of a combustion 

1 5 heater; 

Fig. 6 is a sectional view of a part of a combustion heater of another 
embodiment of the present invention; and 

Fig. 7 is a sectional view of an example of prior art. 
[Explanation of Symbols] 
2 0 1, Outer casing (main combustion casing) composing a combustion 

chamber; 2, oxidizer supply chamber; 2a, oxidizer supply nozzles; 2b, 
secondary air supply nozzle; 2c, secondary air jetting hole; 3, fuel supply 
injector; 4, inner tube; 5 combustion zone; 6, mixing zone; 7, secondary air 
passage; 7a, secondary air passage outlet; and 8, oxidizer intake member. 
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